Molecular analysis of the thymidine-auxotrophic small colony variant phenotype of Staphylococcus aureus.
Thymidine-auxotrophic small colony variants (SCVs) of Staphylococcus aureus are frequently isolated from the chronically infected airways of patients suffering from cystic fibrosis. To date, little is known regarding the molecular mechanisms leading to the formation of this special phenotype, but the auxotrophism for thymidine suggests that impaired thymidine metabolism might play a major role. Sequence analysis of the thymidylate synthase-encoding thyA gene of six clinical thymidine-auxotrophic S. aureus SCVs revealed that all isolates had mutations within thyA. In five isolates the function of the thymidylate synthase was definitely impaired: three of them showed a truncation of the thyA coding sequence by nonsense or frame-shift mutations, in one further isolate the active site of the enzyme was affected by an internal 12-bp deletion, and another isolate had a 173-bp deletion spanning the 5'-terminal region of thyA and the preceding DNA sequence. The sixth isolate showed two amino acid substitutions within the thyA gene product. To confirm the importance of impaired thymidylate synthase synthesis or activity for the formation of the thymidine-auxotrophic SCV phenotype, we constructed a thyA knock-out mutant of a wild-type S. aureus strain. This mutant showed all characteristics of clinical SCVs, such as slow growth, decreased pigment production, reduced hemolytic activity, auxotrophism for thymidine, resistance to trimethoprim/sulfamethoxazol, and reduced plasma coagulase activity. Complementation of the thyA knock-out mutant with intact thyA in trans nearly restored the normal phenotype. In conclusion, these data confirm at the molecular level that impaired thymidylate synthase function is causative for the formation of the thymidine-auxotrophic SCV phenotype in S. aureus.